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Background
Computer mouse use has grown since 1983 with the advent of the
Windows operating system. Computer operators use office suite and recreational
software applications many hours per day; therefore, non-neutral joint postures
and excessive arcs of motion during mouse use might represent ergonomic risk
factors. Johnson (1993) noted gripping the mouse too hard or clicking the mouse
button too hard may predispose to forearm tendonitis and de Quervain’s
stenosing tenosynovitis and mouse use can equal or exceed by up to two-thirds
the time spent using a computer keyboard during personal computer operations
(also, Harvey and Peper, 1997; Fogelman,1995). The focus of most electronic
workstation investigations has been on computer keyboard use. Few authors
have investigated the multiple aspects of computer mouse use in the workplace
(Karlquist, 1994; Fogelman and Brogmus, 1995).
Space, size, and contours of equipment often limit the arrangement of a
computer workstation. The mouse is often displaced to the side on the desktop
(Harvey and Peper, 1997; Karlquist, 1994). The placement of the input device is
thought to be critical in the etiology of mouse related upper extremity disorders
(Pascarelli, 1999).
Locating the input device centrally may decrease strain in the shoulder
and forearm muscles (Fernstrom and Erickson, 1997; Cook, 1998), an
observation supported by Harvey’s surface EMG data (1997). Trapezius,
rhomboid, and deltoid muscle tension is increased ipsilateral to the mouse input
device and has been cited as a potential contributing factor to WRUEDs (Harvey,
1997). Jensen confirmed increased upper trapezius muscle EMG activity on the
mouse operating side, and exposure variation analysis showed more repetitive
muscle activity pattern on the mouse side (1999). He also reported
musculoskeletal symptoms were increased in the arm or hand operating the
computer mouse (Jensen et al, 1998). Karlquist et al. (1996) found that operators
with at least 5.6 hours/week of mouse use were more likely to report symptoms
in the shoulder joint (upper arm), elbow, wrist, and hand/fingers than those using
a mouse less frequently. Franco, Castelli, and Gatti (1992) commented on a
case of tenosynovitis of the wrist apparently due to pressure and friction on the
volar wrist while using a mouse.
Orthopedic and rehabilitation medicine provides a basis for assigning an
optimal functional position of the hand and wrist during keyboard use. The
midline of the hand is aligned with the midline of the forearm, the wrist in
approximately 20 extension and the fingers maintain a natural curve with the
metacarpophalangeal joints in approximately 50 of flexion and the thumb in line
with the radius (Markison, 1990; Keller, Corbett, and Nichols, 1998). The elbow is
flexed in the midrange between full flexion and full extension, and the shoulder is
positioned midway between internal and external rotation (Keller, Corbett and
Nichols, 1998; Putz-Anderson, 1988). Cook (1998) used "shoulder by the side,
elbow at 90, wrists neutral, and forearms midrange between pronation and
supination" as the "best posture" for the upper extremity during computer and
mouse use.
Karlquist (1994) noted that, "work postures and movements in mouse-
operating work are characterized by long periods with a flexed and outward
rotated shoulder, a less flexed elbow, and the wrist more ulnar deviated
compared with "non-mouse" operators. He also noted the use of a-mouse has
been shown to increase time in static and in extreme posture, and has increased
biomechanical torques (Karlquist, 1996). Gassett et al. (1996) recommended the
computer mouse be located at the level of the keyboard, close to the body, and
the operator’s proximal (shoulder) muscles move the forearm while maintaining a
neutral wrist position. Pascarelli and Kella (1993; Pascarelli, 1999).) made
similar suggestions.
While literature on input devices is limited, the focus to date has been on
posture and workstation geometry (Fernstrom and Erickson, 1997; Cook and
Kothiyal, 1998; Keir, Bach and Rempel, 1999). This study addresses a different
set of questions, 1) are there upper extremity work patterns intrinsic to the
worker, or are these patterns dictated primarily by workstation layout, and 2)
does the type of software or input device used have any significant effect on the
upper extremity work patterns of a healthy, symptom- free worker.
Anecdotal clinical observation of patients at their workstations suggests
that there are user-specific patterns. In this study we attempt to identify
reproducible basic generic patterns of mouse use, in order to create a taxonomy.
The objectives of this study are" 1) to develop a methodology to evaluate use of
the computer mouse in the "real world" office situation, 2) to characterize basic
patterns/styles of computer mouse use in a healthy office population through
structured videotaping, visual ergonomic work-site assessment, and mouse use
questionnaires, and 3) to translate mouse use patterns into a reproducible format
for further quantitative studies. The result is a combination of a descriptive study
and testing for significant differences between tasks involving use of the
computer mouse.
Methods
The study design was population based, cross-sectional, and
observational. Healthy, symptom-free computer users were recruited from the
clinical, administrative, and research staff of the University of Connecticut Health
Center (UCHC) through UCHC internet broadcasts. Applicants were interviewed
by telephone using a screening questionnaire that assessed hours of computer
and mouse use, occupation, gender, type of mouse (external, touch pad, pointer
stick, trackball), and previous or current medical/surgical conditions that would
confound the study.
Primary exclusion criteria were: 1) touchpad, pointer stick, or trackball, 2) pain in
the neck, shoulder, and/or upper extremities more than 3 times in the past year
or for more than 1 week continuosly (Keir, Bach, Rempel, 1999)
,3) surgery in the neck, shoulder or upper extremities, 4) diagnosed medical
conditions of tenosynovitis, osteoarthritis, rheumatoid arthritis, carpal tunnel
syndrome and, 5) < 25% of their work day using a mouse (self estimation).
Despite these exclusion criteria a portion of our subjects reported symptoms on
the second questionnaire discussed below.
The General Musculoskeletal Disease and Work Practices questionnaire
(GMDWP) was especially adapted for this study. It extensively focused on upper
extremity musculoskeletal aspects of their present occupation, medical
condition(s), symptoms, and work environment. The core of the GMDWP
questionnaire was originally formulated for a National Institute for Occupational
Safety and Health (NIOSH) sponsored work related musculoskeletal disease
study and modified to a self-administered format (Warren et al., 2000). Blocks of
questions were taken directly from well-documented and previously validated
instruments" 1) U.S. Department of Health National Health Interview Survey
(OSHA, 1998), 2) Occupational Safety and Health Administration (OSHA) Draft
Ergonomic Checklist (OSHA, 1995), 3) Job Content Questionnaires (Karasek,
Pieper, and Schwartz, 1985), 4) Standardized Nordic Questionnaire and 5)
Levine’s Physical Functioning and Symptom Severity Questionnaire (Levine and
Simmons, 1993). New items were developed to measure specific factors relating
to computer mouse use, upper extremity symptoms, and hobbies not covered in
standardized questionnaires.
The GMDWP questionnaire captured demographics, medical conditions,
posture descriptions, software programs, employer and psychosocial aspects,
mouse characteristics, workstation characteristics, and activity level/activities of
daily living. In all there were 91 questions. The GMDWP questionnaire required
715 minutes to finish and was completed while the researcher was available to
answer questions.
Items were included to assess the severity of symptoms in the event
symptoms developed in the interval between the screening questionnaire and the
GMDWP questionnaire. The possibility exists that some recall bias was
introduced by this approach. Visual analog scales were used to assess pain
severity. Subjects were asked to translate their pain intensity onto a 10 cm line
where 0 indicated no pain and 10 indicated severe pain.
Thirty- two (32) subjects were enrolled from a total of 53 responders. Six
eligible subjects declined to participate due to scheduling difficulties. Fifteen of
the responders were excluded from the study. The most common reasons for
exclusion were pain (9), past surgery of the upper extremity or neck (3), and less
than 25% of the workday using the mouse (self estimation) (3). The study
proposal was reviewed by the UCHC Institutional Review Board and all
applicants signed an Informed Consent document.
Work Station Evaluation
A workstation evaluation form was developed to allow collection of a
standardized set of information about the computer workstation and subject. In all
there were 58 items. Subject data included height, weight, handedness, sternum
to right click button (or left click button in the case of left- hand dominance), eye
to screen and elbow to floor (mouse using arm) distances. Keyboard, desk,
mouse tray position heights and mouse use characteristics were noted. Two
anthropmetric measures, subject height and carrying angle at the elbow, were
included. A carrying angle of greater than 10 has been associated with
increased ulnar deviation in computer and piano keyboardists (Shu, 1997). Eye
dominance and copy placement determine the degree of cervical rotation and
thereby influence posture.
Videotaping methods
Subjects were videotaped at their own workstation to record postures and
motions most like the subject’s normal work style. The predominant mousing
hand was filmed in the sagittal, posterior and coronal positions as well as frontal
views when possible. If an ipsilateral sagittal view of the mouse using hand was
not obtainable, then the best view from the contralateral side of the body was
obtained. Since the filming took place at the subject’s work station, it was not
possible to obtain simultaneous views in all three planes because of space
limitations
Each subject was filmed for 15 minutes while performing the single most
common daily activity with combined keyboard and mouse use. This defined their
baseline activity (B). The subject then performed pre-determined mouse
intensive tasks in a well-known word processing program (WPG) and
spreadsheet (SS) data manipulation program programmed in a Windows format.
The software tasks were developed at the Biodynamics Laboratory of the
Ergonomic Technology Center of Connecticut, and were intended to represent a
full range of word processing and spreadsheet mouse activities. The tasks
involved use of the entire VDT display screen with highlight, cut and paste,
delete, and scrolling functions minimizing use of the keyboard. The word
processing task was given before the spreadsheet task. All but one subject was
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filmed completing the three tasks. Videotape failure prevented one subject’s task
(word processing) from being recorded. The video taping lasted 45 minutes. The
study manager and a research assistant, specially trained in performance
videotaping by the project consultant team, performed all of the videotaping.
The study manager analyzed each tape sequence for the 32 subjects and
selected 35-40 video clips per subject. Quantitative analysis utilized videotape,
VCR, laptop computer, and the ErgoMaster (ErgoMaster 2.5.0) software
program.
Video clips were chosen representing minimum and maximum postures
for these joints" shoulder, elbow, wrist, and two 3rd finger joints-
metacarpophalangeal joint (MCP) and proximal phalangeal joint (PIP). Shoulder
motions were flexion, abduction and external rotation. Elbow flexion, wrist flexion
and wrist extension, wrist radial and ulnar deviation, and 3rd finger flexion at the
MCP and PIP joints were also analyzed. Joint angles were measured (reference
point of anatomic neutral equal to 0), utilizing the techniques described in
Daniels and Worthingham (1986) and Hoppenfeld (1976). Extreme joint angles
were determined by natural cut points in the data, clinical experience, association
with fatigue and pain (Straker, 1997), and literature search (authors and joint
angles listed in Table 1). It should be noted that there is no anatomic gold
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standard or accepted consensus determination for extreme or potentially
dangerous angles in the upper extremity for computer mouse use. Joint postures
were assessed subjectively by self- report questionnaire for duration of exposure,
qualitatively by observation, and quantitatively by measured joint angles on
videotape. Video clips were stored as bitmaps.
Dat.a. An.alysis
sPss 7.5 for Windows and Excel were used to analyze the data from the
GMDWP, workstation evaluation and videotapes. Univariate correlations,
independent and paired t-tests, ANOVA and cluster analysis were utilized.
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Results
Subject demographics are listed in Table 2. The majority of subjects (59%)
worked 5-8 hours per day with 41% working over 8 hours. 4 subjects (12.4%)
spent more than 8 hours at the computer per day while18 (56.3%) spent 5-8
hours and 10 (31.3 %) spent 2- 4 hours. Slightly over 90% of subjects used
Netscape, E-mail, Microsoft Word and Excel in their daily work. The software
program, Powerpoint, was used by 40% of subjects and 10% of subjects used a
graphics program. Subjects estimated their daily computer mouse time as
follows: 7 subjects 1 to 3 hours/day, 15 subjects 4-5 hours/day, 8 subjects 6-7
hours/day and 2 greater than 8 hours/day. Work practices and equipment are
summarized in Table 3. Each subject used his/her own mouse accounting for
the variety of computer mice. The majority of subjects took 0-3 breaks (10
minutes or less)/shift
There was considerable variation in input device placement, 66% used the
mouse on the desktop (no uniform placement), and 34 % used a pullout
keyboard tray and used the mouse with their dominant hand. Proper sitting
posture was defined as sitting upright in the chair with the head and spine
straight, facing the computer straight on, with the hips and knees at 90 degrees
and feet flat on the floor. Sixty-two percent (62%) of subjects did not demonstrate
13
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proper sitting posture. The majority of subjects reported static postures in the
shoulders and neck for 3-6 hours during their work shift. Upper arm static
postures were self-reported in 12 subjects at 0-2 hours and for 16 subjects, 3-6
hours. Static hand postures were self-reported at 0-2 hours for 16 subjects and
3-6 hours for 13 subjects.
The group means of the maximum joint angles for each task are listed in
Table 4. Each measured joint angle is the maximum angle for that particular joint
for each of the three tasks. The average of the maximum upper extremity
postures for the three tasks are summarized in by the "mean*" in Table 4. The
number of subjects with extreme postures for each task is listed in Table 5.
There are two notable observations from these tables. First, many of the
"average maximum joint postures" measured during mouse use fall into the
extreme range of the upper extremity joint postures. Second, the postures
adopted by each subject are relatively consistent across tasks (Figure 1). The
primary exception to this finding is the excessive amount of ulnar deviation
associated with spreadsheet work and to a lesser degree word processing.
The sternum to main mouse button distance represents a multifactoral
determination of upper extremity posture. It takes into account the trunk height of
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the subject, length of the arm, distance to the desk or tray, and location of the
mouse on the desk or tray. The mean sternum to main mouse button was 21"
(standard deviation (SD) +2") when mouse height from the floor was 22-27.9"
and 24" (SD + 1.8") for a mouse height of greater than 28" from the floor. This
indicates subjects using a mouse located on the desktop have a longer reach to
the main mouse button (p< .001). Mouse height from the floor strongly correlated
with mouse to sternum distance (r- .543, p=. 001). No correlation was noted
between mouse to sternum distance and the subjects’ height, weight, eye
dominance, carrying angle at the elbow, posture, or elbow height from the floor.
Placement of the mouse in front of the user required internal rotation and
adduction of the shoulder and was an infrequent posture in our sample.
Mouse location impacts the mean maximum joint posture for the upper
extremity as illustrated in Figures 2. It should be noted that elbow flexion is
inversely related to shoulder flexion. As the shoulder flexes to get the hand up on
the desk, the elbow has to straighten out to keep the hand in contact with the
desktop. Wrist ulnar deviation is greater if the mouse is located on the keyboard
tray, compared to the desktop. The 5 subjects using the mouse wrist rest had a
decreased degree of wrist extension. There is a high degree of correlation
between joint postures across tasks, again suggesting that postures are driven
more by mouse position than by task (Table 6).
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The arc of motion of a joint is a useful characterization of a joint’s
movement during a specific task. It is always a positive number. The arc of
motion for each joint was calculated by subtracting the minimum joint angle from
the maximum joint angle observed for each joint during the three specific tasks.
The arc of motion for each joint is listed by task in Table 7. Despite the large
standard deviations, it is interesting to note the arcs for ulnar- radial deviation,
and 3rd finger joint flexion (MCP, PIP) over the three tasks are very similar. This
is also demonstrated in Figure 3. Notably the arcs are quite divergent by task for
the upper arm and wrist joints but are much more similar for flexion of the 3rd
finger MCP and PIP joints.
The only significant correlations found for the arcs of motion were between
radial ulnar- deviation, MCP and PIP flexion for the B and SS tasks (Table 6).
The correlation of B radial-ulnar deviation with SS radial- ulnar deviation was r =
.450, p< .05. This is supported by a paired t-test (mean difference x = 9.4, SD
13.9, 95% CI (-14.48- -4.29), t =-3.762, p = .001). This suggests a difference in
the motions for the two types of work. The mean values for wrist extension arcs
appear similar, but the intra-individual correlations are diffuse. This also strongly
suggests a significant difference in the way that the subject moves most proximal
joints during baseline activities, word processing and spreadsheet work. There
17
was no correlation between the arc of radial/ulnar deviation (RD/UD) in B and
WP tasks.
The effects of mouse location on arcs of motion of the upper extremity
joints are represented in Figure 4. Paired t-tests demonstrated significant
differences (p< .05) for the following" 1) arc RD/UD- B and arc RD/UD-SS (mean
difference = -9, 95% CI (-14.5-4.3), and 2) arc shoulder flexion (SF)-B and arc
SF-WPG (mean difference=12, (95% CI 3.6-21).
Although the sample size for the number of subjects using a mouse wrist
rest was small (5) it is interesting that they had a decreased arc of motion in
radial/ulnar deviation. This suggests a beneficial effect of mouse wrist rests.
Arcs of upper extremity motion were examined in relation to task and
sternum to mouse distance, mouse height, hours at the computer, elbow to
mouse height and posture. There were scattered significant correlations. These
were difficult to interpret, as they were isolated and not uniform from task to task.
The arcs of motion used during computer mouse operation appear not to be
driven by workstation arrangement or posture but by the software being used.
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Mouse sensitivity settings on the computer were considered a confounder
of extreme postures and arcs. The sensitivity of the computer mouse is
expressed as a percentage, with 0% the lowest sensitivity setting available and
100% the highest. There was no correlation between arm or shoulder postures or
arc of motion with the percent mouse sensitivity rating. Significant positive
correlations with mouse sensitivity settings were found for the arc of 3rd finger
MCP flexion (WPG r = .443 p < .05), and the arc 3rd PIP flexion (B r = .454 p <
.05, SS r = .515 p < .05) suggesting that the 3rd finger PIP joint flexes more at
higher mouse sensitivity settings, and to some degree the 3rd finger MCP as well.
Observation of mouse users suggested the existence of 3 dominant
patterns of upper extremity motion during operation of the mouse. The patterns
postulated are presented in Table 8. The postulated patterns were used to
classify subjects while viewing them at their workstation and on videotape. This
classification is represented in Figure 5. After the angles were determined from
the videotapes and arcs calculated for each motion, the arcs were dichotomized
as extreme or not extreme. We then used these characterizations to create
profiles. The profile consisted of a series of binary digits (0 or 1) assigned to
upper extremity joint motion. A non-extreme arc was indicated by a 0 and an
extreme arc by a 1. Each profile was reported as an 8-digit sequence, with each
digit representing one joint arc. Cluster analysis was then carried out.
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A total of 24 unique patterns emerged from the cluster analysis of the 32
subjects. This number was reduced to five broader, prototypical patterns
characterized as arm user, wrist user, finger user, mixed patterns, and a non-
extreme pattern. Arm user pattern was defined as having 2-4 (preferably 3) ls in
the arm category or two ls in the arm category and zeros in all other categories.
The wrist user pattern had two ls in the wrist category or one 1 in the wrist
category and zeros in all other categories. The finger user pattern had two ls in
the finger category and zeros in the others or one 1 in the finger category and
zeros in all other categories. The mixed patterns had combinations of ls in two or
more categories. The non-extreme pattern had zeros in all categories. Figure 6
summarizes four of these user patterns. There were 13 arm users, 7 mixed
pattern, 3 wrist users and 1 finger user. The fifth pattern of "non extreme" is not
represented in the diagram and was made up of 5 subjects, 3 subjects were not
included due to missing data. The cluster analysis refined the classification of
motion into patterns of motion.
Discussion
We developed a taxonomy of patterns of computer mouse use in this pilot
study. Measurements of joint extremes plus arcs of motion define patterns. Five
patterns emerged from the cluster analysis and subject profiling. The arm user
pattern was the most common followed by the mixed patterns, the non-extreme
pattern, wrist users, and the finger user. These patterns can be thought of as
classification of techniques operators use to perform computer mouse work in the
real world office situation. Future studies will confirm the existence of the
patterns and determine the relationship between patterns and development of
discomfort or injury.
Location of the computer mouse appears to be the most important driver
for posture of the upper extremity. This is supported by the fact that extremes of
posture were consistent over the three tasks. None of the other workstation
characteristics or dimensions that we studied affected these postures
significantly. Mouse sensitivity settings on the computer did not influence posture
or location in any significant way. Mouse placement at the level of the keyboard
on a keyboard tray minimizes joint posture extremes for the upper extremity.
Other environmental factors that were not studied also may effect upper
extremity posture.
20
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While maximum joint angles appear to be a function of mouse location,
motion of the upper extremity appears to be driven by the software task being
performed. Arcs of motion did not correlate across task indicating the subject
moves differently for different software tasks. This finding appears to be true for
individuals using the mouse on the desktop, the more stressful position.
Because our sample included so few individuals using the mouse on a tray (11,
34%), we cannot determine whether this finding will hold true for these mouse
users.
The strengths of this pilot study are" 1) development of a comprehensive
database of upper extremity positions and motions during computer mouse use,
2) videotaping and workstation measurements in a ’real world’ work situation at
the subject’s workstation, 3) a single investigator analyzed all of the videotapes
eliminating problems of inter-rater reliability, 4) a high level of accuracy was
obtained by using videotape analysis with computer software as opposed to the
use of checklists or visual estimation of angles, and 5) the development of an
objective way to classify upper extremity motion patterns using cluster analysis
and subject profiling.
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The validity of our questionnaire has not been completely established as a
result of truncation of the validated source questionnaires mentioned above. The
new general musculoskeletal disease questionnaire was pilot tested prior to the
study to avoid ambiguity.
There are other potential problems with self-administered questionnaires.
Wanting to present oneself in a favorable light in order to get into the study may
be a potential problem; selection and reporting bias are most pertinent here. The
over-reporting of symptoms once in the study may be a source reporting /
information bias. Ages and job title were obtained from ineligible participants and
compared to study subjects to reveal possible sources of selection bias. The
mean age and job titles of the ineligible group were similar to the study group.
We did not control for mouse sensitivity settings although we did record the
settings on the computer.
There are many areas for future research in computer mouse use.
Determining the frequencies of digit motion, and arcs of radial and ulnar deviation
as well as wrist extension/flexion in the context of the computer mouse use and
tasks used above may give insight to how often these motions can be performed
before the onset of pain or injury. This may be useful in determining return to
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work strategies for workers already injured. Since injury may also occur during
the orientation period of a job, suggestions for training activities for new hires in
the data entry, graphics/design, and word processing areas could be developed
with the hope of reducing upper extremity injury. It appears from our study that
software design and content impact optimal upper extremity motion and
mechanics. It is unclear whether it effects the development of upper extremity,
neck or upper back symptoms. Future research should also address how the
patterns identified relate to pain or injury and whether the outliers (in either joint
or range of motion extremes) develop symptoms or WRUEDs.
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Table 1" "Extreme" Joint Positions Reference Values for the Study
Investigator Joint(s) Ranges
Burgess-Limerick
R, Shemmel J,
ScaddeR, Plooy A
(in press)
Wrist Ulnar
Extension
"Extremes" of Motion
(degrees)
>10
>30
Karlquist L (1994) Wrist Ulnar
Elbow Elbow
Shoulder Flexion
Abduction
External
>3O
>123* (57)
>19
>19
>30
Keller K,
Corbett J,
Nichols D (1998)
Wrist all
Forearm all
Elbow Elbow
Ulnar deviation
Hyperflexion/
hyperextension
Pronation
>90
Shoulder all Adduction,
Internal Rotation
Hoppenfeld,S Shoulder Flexion >90
(1976) Abduction
External
Elbow Flexion
Wrist Ulnar
Radial
Extension
>180
>40-45
>135
>30
>20
>70
30
31
Table I (continued): "Extreme" Joint Positions- Reference Values
fr the Study
Investigator Joint(s)
Malclaire JBI Wrist
Ranges
Ulnar deviation
Extension
"Extremes"of Motion
(degrees)
UD> 50% avail. Range
ie.~ 15, >60% of range in
flex.-ext, i.e....54
Cock N,
Robert AR (1996)
Armstrong Wrist
TJ (1986)
Radial deviation
Ulnar deviation
Flexion
Extension
>9
Silverstein A, Wrist Flexion
>19
> 45
>45
>45
Fine L,
Armstrong,TJ
(1987)
Extension
Deviation
>45
UD, RD
Tittitanda P,
Rempel D
(1999)
Wrist Ulnar
deviation
Extension
21-40
31-50
Cook CJ,
Kothiyal K,
(1998)
Wrist Extension
RD/UD
Elbow Flexion
>15
presence of
> 90
Aaras A. (1994) Shoulder Flexion
Abduction
>15
>10
Straker LM, Shoulder Flexion
Pollock CM,
Mangharam,
JE (1997)
Table 2: Demographics for the Study Population of Mouse Users
Characteristics Male Female Total
Number of Subjects
Age of Subjects (yr.)
6 26 32
44.7 44.5 44.5
(SD 9 (SD 9.8) SD 9.5)
Ethnic Background
White 5 24 29
Black 2 2
Hispanic 1 1
Dominant Hand
Right
Left
Hand Manipulating Mouse
Right
Left
Both
Eye Dominance
Right
Left
Elbow Carrying Angle
(degrees)*
Right
Left
Employment Status
Part-time
Full- time
Years at Current Job
Similar Prior Work
Yes
No
6 23 29
3 3
23 29
1 1
1 1
2 16 18
4 10 14
7(SD 6)
9(SD 2)
8 (SD 8)
13 (SD 3)
14 (SD 3)
4 4
22 28
5 (SD 5.6) 5.6 (SD 6)
3 19 22
3 7 10
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Table 3" Work Practices and Equipment Used by the Subjects
Work Practices
Location of Mouse
desktop
keyboard tray
Number of Breaks
0-3
4-6
>7
Length of Breaks (minutes)
1-10
11 -20
21 29
30- 39
> 40
Type of Computer Used
IBM Compatible
Macintosh
Sun
Types of Computer Mice (n=31)
Compaq
Gateway 2000
Goldtouch Technologies
Kensington
Logitech
Macintosh
Microsoft
21
11
18
10
4
17
6
2
0
7
26
5
1
3
1
1
1
1
4
2O
66
44
56
37
13
53
19
6
0
22
81
16
3
10
3
3
3
3
13
65
33
34
Table 3 (continued)" Work Practices
Elbow Supported?
Yes
No
11
21
34
66
Wrist Position While Mousing
Volar Wrist on Desk
Volar Wrist on Tray
Rests on Keyboard Rest
Rests on Wrist Rest- Desk
20
5 16
6
Hand Position on the Mouse
Top of the Mouse
Rests on 5th Finger
Correct Posture*
Yes
No
21
7
12
20
9
66
23
38
62
* see text for definition of correct posture
Table 4" Averages of Maximum Joint Postures as Defined by Joint Angles
(by ErgoMaster software) ea= Overall mean for that position, ie.
(B+ WPG+SS)/3.
Mean of Maximum
Joint Angles by Task
Mean Std.
Deviation
degrees
Shoulder Flexion
B 36 21
WPG 36 17
SS 37 23
Mean* 37 17
Shoulder Abduction
B 38 12
WPG 39 15
SS 41 14
Mean* 39 11
Shoulder External
Rotation
B
WPG
SS
Mean*
Elbow Flexion
B
WPG
SS
Mean*
38 17
39 21
41 22
43 16
46 22
50 22
49 24
47 20
Minimum Maximum
Jt. angle Jt. angle
(degrees) (degrees)
0 89
-6 84
-20 99
17 82
17 87
16 63
9 71
8 84
5 81
13 101
11 116
12 111
35
36
Table 4 (continued)" Averages of Maximum Joint Postures as Defined by
Joint Angles (by ErgoMaster software) ea= Overall mean for that
position, ie. (B+ WPG+SS)/3.
Mean of Maximum
Joint Angles by
Task
Mean Std.
Deviation
degrees
Wrist- Ulnar
Deviation 11 15
B 18 17
WPG
SS 20 12
Mean* 16 11
Wrist- Radial
Deviation
B
WPG
SS
Mean*
8 15
7 13
5 10
7 10
Wrist Extension
B 29 15
WPG 32 11
SS 31 13
Mean* 31 11
3rd MCP Flexion
B 24 11
WPG 27 14
SS 29 11
Mean* 27 9
3rd PIP Flexion
B 29 17
WPG 3O 16
SS 29 18
Mean* 29 11
Minimum Maximum
dt. angle Jt. angle
(degrees) (degrees)
-20 54
-18 59
-6 44
-20 49
-22 29
-23 27
-4 49
4 55
0 57
0 49
0 73
8 52
0 87
4 63
0 77
Table 5" Number of Subjects with Extreme Postures (in degrees) for Each
Task (Note: Extreme postures listed in bold type)
Extreme and
Non-Extreme
Postures
(Degrees)
Shoulder Flexion
< 40
> 40
Shoulder
Abduction
< 30
> 30
Shoulder
Abduction
< 25
> 25
Elbow Flexion
< 45
> 45
B WP SS
# I%l # 1% I#1 %
17" 59 16" 59 18" 62
12" 41 11" 41 11" 38
6* 19 11" 37 9* 29
25* 81 19" 63 22* 71
7* 27 5* 23 5* 25
19" 73 17" 77 15" 75
18" 58 19" 63 15 47
13" 42 11" 37 17 53
Radial Deviation
< 10 20 63
>10 12 37
21 66 18" 62
11 34 11 * 38
Ulnar Deviation
< 10 16 55 12 39 6 19
> 10 13 45 19 61 26 81
Wrist Extension
<30 14 48 15 52 15 18
>30 15 52 14 48 16 51
*Note: the N varies by task from 29 to 32 depending on the motion tested
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Table 6: Correlation of Baseline Task with WPG and
with SS Tasks: Angles and Arcs
B Task WPG Task SS Task
Maximum Joint Angle
Shoulder Flexion
Abduction
External Rotation
Elbow Flexion
Wrist Ulnar Deviation
Radial Deviation
Extension
3rd MCP Flexion
3rd PIP Flexion
.771"** .590***
.487*** .456***
.427** .505***
.702"** .664"**
.474*** .293
.455*** .475***
.622*** .665***
.133 .394***
.609*** .570***
Arc of Motion at Each Joint
Shoulder Flexion
Abduction
External
Rotation
Elbow Flexion
Wrist Ulnar/Radial
Deviation
Extension
3rd MCP Flexion
3rd PIP Flexion
-.304 -.109
.090 .066
.097 -.103
-.159 .102
-.171 .450***
-.212 .034
.122 .470***
.614"** .354*
*** p < .05 ** p= .05 * p= .05 to .01
38
Table 7" Mean Arc of Motion (in degrees) by Tasks
Arc and Direction of
Motion With Task Mean
B Shoulder Flexion 16
WPG 6
SS 10
B Shoulder Abduction 9
WPG 8
SS 10
B- Shoulder External 12
Rotation
WPG 8
SS 7
B- Elbow Flexion 13
WPG 7
SS 13
16B- Wrist Ulnar/Radial
Deviation
WPG
SS
10
9
9
B- Wrist Extension
WPG
SS
B- 3rd MCP Flexion
WPG
SS
12
11
10
B- 3rd PIP Flexion
WPG
SS
Arc of Motion
Standard Minimum
Deviation
19 0
6 0
19 0
7 0
8 0
10 0
12 0
11 0
12 0
20 0
8 0
16 0
13 0
14 0
13 5
8 0
8 0
7 0
6 0
12 5
9 0
11 0
15 1
10 0
Maximum
72
24
99
30
36
37
51
46
55
84
36
61
70
53
59
30
38
30
21
63
33
39
62
46
39







